Study design Pilot study.
Introduction
According to data from the World Health Organization (WHO), nearly half a million people worldwide have been diagnosed with SCI. There are various causes of damage. Traffic accidents, accidents at work, and violent attacks are the most prevalent, based on available evidence across WHO regions [1] . There are many factors that lead to a loss of quality of life and of well-being after suffering SCI. Pain significantly reduces the adaptation to a new and different way of life [2] .
Pain in SCI patients can be categorized into different groups [3] . Nociceptive pain arises from the activation of peripheral nerve endings (nociceptors) that respond to noxious stimulation. Nociceptive pain can be divided in two types. Musculoskeletal pain arises from nociceptors in muscles, tendons, ligaments, joints, or bones. If pain is identified in the thorax, abdomen, or pelvis and a specific pathology is present, it is classified as visceral pain. Many definitions of NPP have been used but the most accepted is a type of pain caused by damage to somatosensory system that alters the normal transmission of sensory signals. This pain is characterized by its persistence over time and high degree of heterogeneity. It is described as tingling, burning, squeezing, and pricking. Sharp, shooting, and painful hot/ cold are other characteristics of NPP. In turn NPP after SCI is divided into two subgroups [4] . At-level NPP has been described as pain, from damage to or disease of a nerve root or the spinal cord, that is experienced within three dermatomes below the neurologic level of injury, one dermatome above the level of injury, or both. Pain caused by injury in the cauda equine at-level NPP can be experienced up to six dermatomes below the level of injury.
Below-level SCI NPP is referred to pain more than three dermatomes below the level of injury, excluding pain related to damage in the cauda equine. SCI patients with complete and incomplete injuries can suffer below-level NPP. We consider that the field of SCI pain is intricately connected to both the SCI and pain research. Many factors have been studied to describe mechanisms of NPP [5] . The etiology remains controversial. It is related to the cellular damage caused by the liberation of neurotransmitters (glutamate and N-metil-D-aspartate) [6] , and inflammatory cytokines [7] . Serotonin and noradrenergic metabolism disorders have been implicated [8] as well as molecular changes in sodium and calcium channels [9] . the most extensively studied receptor families in sensory biology are TRP channels. TRPA1 (TRP Ankyrin 1) and TRPV1 (TRP Vanilloid 1) are ion channels crucial for pain sensation [10] . They are predominantly expressed in peripheral sensory neurons, the trigeminal ganglia, dorsal root ganglia, sympathetic ganglia, and nodose ganglia. Several TRP channels have also been shown in the central nervous system and other tissues and cell types, such as fibroblasts, endotelial cells, and keratinocytes. TRPV1 and TRPA1 activation contributes to mechanical allodynia via spinal mechanisms and their interaction influences nociception [11] . In some studies co-expression of TRPA1 and TRPV1 was shown to inhibit TRPA1 agonist currents [12] . Even altering the interaction between these channels contributes to persistent pain [13] . Although the interaction between TRPA1 and TRPV1 is essential to understand the pathophysiology of pain, TRPA1 has been widely researched as the most important sensor of chemical damage and is involved in chronic and inflammatory pain. TRPA1 appears to play important roles in cold and mechanically evoked pain [14] . It is involved in the detection of cold hypersensitivity [15] . In humans, TRPA1 is not activated by heat [16] .
TRPA1 channel plays an essential role in pain transduction and amplification. Its main function in nerve terminals is to be a chemosensor of nociception.TRPA1 is activated by various irritant chemicals and endogenous products of tissue injury. Acrolein, formalin, reactive oxygen species, nitrogen species, and carbony species are some of them [17] . Many studies have shown the importance of TRPA1 in mechanical nociception and primary hyperalgesia [18] [19] [20] . Also, a critical role in secondary (central) mechanical hyperalgesia has been shown [21] . Some studies have demonstrated that TRPA1 channels on spinal astrocytes contribute to central pain hypersensitivity [22] . A large number of experimental animal models have been developed to study the contribution of TRPA1 to pathophysiological pain. It is known that sleep deprivation aggravates pain and induces pain hypersensitivity. This process is partly mediated by spinal TRPA1 [23] . Sleep disturbances are frequent in SCI patients with NPP. In this line, it would be interesting to research the mechanisms mediated by TRPA1 in this process. Some studies provided evidence that blocking TRPA1 reduces pain hypersensitivity in peripheral neuropathy [24] [25] [26] . On the other hand, in spinal nerve-ligated animals, TRPA1 mRNA is downregulated in the injured nerve and upregulated in the adjacent intact nerves and by this way, contribute to neuropahtic pain [27] .
Research about genetic risk factors for chronic pain has experienced a boom over the last few years.
Many clinical studies on NPP after SCI report the frequency and characteristics of pain, but studies on pain based on genetic susceptibility are rare or non-existent.
In recent years three single-nucleotide polymorphisms (SNPs) have been described in TRPA1 associated with NPP in different populations. But none of these genetic changes have been studied in patients with SCI and NPP. SNPs are the most common type of genetic variation among people. Most of them have no effect on health or development but may help predict an individual's response to some drugs, susceptibility to environmental factors, and risk of developing particular diseases such as heart disease, diabetes, and cancer [28] . Association was found between short-duration cold pain sensitivity and rs11988795 (2385 + 617 G > A). This is an intronic SNPs, that means that it is situated between exons and is removed before translation of mRNA and does not function in coding for protein synthesis. In American females of European ancestry, A/A homozygote variants showed less pain tolerance to cold stimuli compared to G/G homozygotes [29] .
In neuropathic pain patients, rs920829 (535 G > A; 710 G > A, p.Glu179Lys) was associated with the presence of paradoxical heat sensation (PHS). Within the group of patients who suffered from PHS, heterozygous, and homozygous carriers of the TRPA1 710 G > A variant were significantly underrepresented as compared to neuropathic pain patients without PHS [30] . This variant is an exonic SNP, that means it codes information for protein synthesis. In this case, the amino acid exchange from hydrophilic glutamate to hydrophobic lysine in codon 237 may result in alterations of expression and/or functionality of the protein, thus leading to a diminished sensitivity to noxious cold. In this way, some authors have studied these TRPA1 variants [31] in an in vitro expression system and observed that the variant Lys-179 TRPA1 failed to get activated by cold possibly due to the loss of ability to interact with other proteins or other TRPA1 monomers during oligomerization.
In other intronic variant: rs13255063 (A/T) A is the minor allele and it has been described that homozygous have a higher pain threshold for electrical stimuli [32] .
Genetic changes in TRPA1 are associated with neuropathic pain and the main objective of this study is to extrapolate this current evidence to complete and chronic SCI patients with this type of pain.
Methods

Type of study
Pilot study.
Patients
The population was selected from the Department of Complete and Chronic Spinal Cord Injuries and Rehabilitation, Asepeyo Hospital, Coslada, Madrid, Spain. Patients were enrolled from August 2016 to March 2017.
Each participant was required to sign an informed consent form, which had been approved by the Medical Ethics Committees of Asepeyo Hospital, Coslada, Madrid, Spain (affiliated with La Princesa Hospital, Madrid, Spain). A total of 24 chronic and complete SCI patients (21 males and 3 females) participated in this pilot study. Twelve SCI patients suffered NPP (cases group) and 12 SCI patients with no pain (control group).
American Spinal Injury Association (ASIA) Impairment Scale was the instrument selected to describe the extent of injury, and Spanish validation of the LANSS Scale (Leeds Assessment of Neuropathic Symptoms from the International Spinal Cord Injury Pain Classification) to classify neuropathic symptoms. Three clinicians carried out the assessments: the main author of this study (MD, PhD) and two co-authors (MD). Visual analog score (VAS) was also used to measure pain. The localization of pain was also classified according to International Association for the Study of Pain criteria as NPP at the lesion level or below the lesion level.
LANSS score of >12 and VAS score of >3 were inclusion criteria in the cases group. Other inclusion criteria in the cases group were: (1) history of SCI >5 years (2) Neuropathic pain lasting >6 months. The treatments administered to the patients for NPP were also recorded. All patients with NPP were on ineffective first line treatment and they continued with symptoms of NPP. For this reason they were included in the cases group. After each patient was enrolled, a second line treatment was introduced to relieve pain. SCI patients with LANSS score of 0 and VAS score of 0 were enrolled in the control group. Other inclusion criteria in the control group were: (1) history of SCI >5 years, (2) No pain lasting >6 months, and (3) any drug treatment.
The Spanish version of Modified Barthel Index was selected for measuring physical incapacity. The inability to follow commands or to give consent and the presence of pregnancy, chronic diseases like diabetes, cardiovascular diseases, oncology pathologies, chronic emotional distress, and smoking habit were exclusion criteria for both groups. SCI-related complications such as neurogenic bladder, neurogenic bowel, spasticity, decubitus ulcer, deep vein thrombosis, pulmonary embolism, and sexual problems were also exclusion criteria for both groups.
Determination of genotypes
Sampling was carried out with a pin prick to the finger using a sterile, single-use lancet, and the sample was deposited onto a card sampler. To extract total DNA from blood samples deposited on the sampling cards, a 5 × 5-mm fragment was clipped. Fragments were washed in 1 ml of distilled H 2 O with orbital shaking for 15 min. The samples were subjected to centrifugation for 3 min at 12,500 × g. After discarding the supernatant, 1 ml of distilled H 2 O was added, and washing and centrifugation were repeated. After removal of the supernatant, the card fragment was placed into another tube with 60 µl of Tris-EDTA buffer solution; pH 7.5. and incubated at 50°C for 15 min. Subsequently, the card fragment was flattened at the bottom of the tube and was re-incubated at 97°C for 15 min. Finally, the tubes were centrifuged for 4 s in a microcentrifuge, and 50 µl of the supernatant was collected and placed into a new tube that was stored at −20°C until the determination of SNPs in TRPA1. SNPs were detected by melting analysis after DNA amplification with a real-time fluorescence PCR performed in a LightCycler 2.0 instrument (Roche Diagnostics, Mannheim, Germany) using the LightCycler FastStar DNA Master HybProbe kit (Roche Diagnostics) and fluorogenic probes (LightSNiPs, TIB MolBiol, Berlin, Germany), in accordance with the instructions supplied by the manufacturer.
Statistical analysis
The significance of this study was evaluated by the χ 2 test. The association between the polymorphisms and neuropathic pain was estimated by the odds ratio (OR) and their 95% confidence intervals (CI). p-value was considered significant at < 0.05. Differences related to allelic and genotyped frequencies were evaluated using Fisher's exact test.
Results
Characteristics of subjects
The characteristics of the overall population are shown in Table 1 . Most of them were Caucasian and only two African SCI patients were identified.
In Table 2 clinical characteristics are shown. A complete and chronic SCI injury (ASIA score of A) was present in all patients. Most patients had below-level NPP (7/12:58.33%) and only five patients had at-level NPP (5/12:41.67%). Non-steroidal anti-inflammatory drugs (NSAIDs) were present in the treatment of all patients NPP. All patients required additional treatments to relieve the pain and relaxation training was the most frequent.
Genotypes and alleles in controls and cases
The genetic and allelic frequencies for the different SNPs are shown in Tables 3 and 4 . There were no significant differences between both groups in genotypes neither in allelic frequencies.
rs11988795
There were differences in homozygous GG in SCI patients with no pain, p = 0.01, compared with the cases group. G allele was more frequent in the control group (p = 0.001).
rs13255063
There were differences in homozygous TT in SCI patients with NPP, p = 0.03, compared with the control group. There were no differences related to allelic frequencies.
Discussion
Neuropathic pain is a common complication after injuries in the spinal cord and causes extremely adverse effects on well-being and lives of SCI patients. It is complex and usually requires a combination of treatment approaches to manage. We subscribe to the definition of chronic pain proposed by the International Association for the Study of Pain. Chronic pain is a type of pain without biological value that persisted beyond the normal healing time. This may be <1 month to more than 6, with 3 months being considered a convenient separation line between acute and chronic pain [33] . Our inclusion criteria are in line with these definitions. The Barthel Index was published by Barthel and Mahoney in 1965, after 10 years of using it to measure functional disability in patients with stroke and musculoskeletal pathologies [34, 35] . In Asepeyo Rehabilitation Department we use the Spanish version [36] . The modified Barthel Index has high psychometric qualities and, in our opinion, is one of the best scales for assessing activities of daily living. It has a high degree of accuracy and reproducibility. The LANSS Pain Scale allows us to distinguish patients with neuropathic pain from those with nociceptive pain [37] . We have used the Spanish version [38] and three clinicians carried out the assessments. Some studies have reported NPP to be more common in patients with incomplete SCI [39] . This study sample comprises only A ASIA patients, with complete and chronic SCI because all of them were enrolled from the Asepeyo Hospital Department of Complete and Chronic Spinal Cord Injuries. This must be taken into consideration in future studies with other ASIA classification patients. We have not found differences in demographic features between the two groups. Gender and ethnicity are important variables in research for a better knowledge of genetic and environmental interactions as determinants of disease. In this study 21 males were identified and only 3 females. Most of them were Caucasian of Spanish origin This study was carried out from August 2016 to March 2017 and the results are only a description of this period of time. During this time, only two African SCI patients were attended in the hospital. One of them suffered NPP and the other no pain. We are aware that the most important limitation of the current study is the small sample size and that the results should be interpreted with caution. But we are only presenting a pilot study and suggesting a future study with higher sample size and patients matched by age, gender, and ethnic group.
The pathophysiological mechanism involved in the development of NPP is not well understood. TRP family has been described as integral membrane proteins that function as ion channels and make a significant contribution to transduction and sensitization in primary afferent somatosensory neurons [40] . When TPR channels are activated, a depolarization of the cellular membrane occurs and this leads the flow of ions, such as potassium, calcium and sodium. The final result is a nerve impulse and physiological sensation or perception. The discovery of TRP channels has revolutionized the research of many sensory processes. Mutations in several TRP genes have been implicated in diverse pathological states, including neurodegenerative disorders, skeletal dysplasia, kidney disorders, and chronic pain [41, 42] .
In this pilot study we selected TRPA1 gene based on representation in literature and level of evidence in previous studies. It is a gene frequently investigated in genetic research on pain, but this is the first description of TRPA1 polymorphisms in Spanish Complete and Chronic SCI patients who suffer neuropathic pain. In vitro and in vivo animal studies have shown the role of TRP channels in the generation of NPP [43] . TRPA1 has been proposed to contribute to a variety of sensory processes, including thermal, nociception, mechanosensation, and inflammatory hyperalgesia [24] . Additionally, TRPA1 is expressed in neurons in regions where the function in thermosensation is known, such as the dorsal root or trigeminal ganglia. The importance lies in the fact that thermal allodynia (hot/cold) is a sensation commonly present in neuropathic pain. A SNP has been described: rs11988795 (G > A) that enhances sensitivity toward nociceptive cold stimuli [29] . Carriers of the minor A allele had a shorter withdrawal latency to noxious cold and in another small subgroup, this allele was associated with sensitivity to heat pain. In our results, there were no differences in the minor allele, A, but differences were shown in the GG genotype. Homozygous patients were more frequent in SCI patients with no pain. Also, G allele was prevalent in patients with no pain. These results lead us to think that GG genotype and G allele protect against NPP in SCI patients. This means that these genetic variations are more frequent in SCI patients with no pain. So, the susceptibility to suffering NPP would be lower compared with patients with different genotypes and alleles. Based on our results, gene tests on specific SNPs might serve as predictors of pain qualities in the future. Another point to which we wish to draw attention is the interaction between TRP channels, especially TRPA1 and TRPV1. Both molecular properties are important. It has been clearly demonstrated that TRPA1 can oligermerize with TRPV1. The heteromerization can affect the calcium signaling pathways and modulates channel voltage relationships allowing muscle nociception and mechanical hyperalgesia [44] . Future studies including genetic changes in TRPA1 and TRPV1, with a higher sample size, could be useful to analyze haplotypes, associated with NPP in SCI patients. Somatosensory abnormalities that are present in patients who suffer NPP without SCI are mediated by the TRPA1 variant rs920829 [30] . It has been described that patients who presented paradoxical heat in NPP showed a lower frequency of GA and AA genotypes compared with patients with no heat sensation. In our study there were no differences in this polymorphism. It has been described that the rs13255063 influences pain sensitivity after electrical stimuli [32] . There were more homozygous TT patients in the cases group. These results suggest that TT genotype could be an additional risk factor for developing neuropathic pain after spinal cord injuries. Gabapentin, pregabalin, and amitriptyline have proved effective in treating SCI patients with NPP. Gabapentin relieves at-level and below-level pain in paraplegics with complete SCI [45] , although some authors disagree over these results [46] . In SCI with complete and incomplete injury treated with pregabalin, less pain and a better control of disturbing sleep have been demonstrated [47] . Amitriptyline has been studied in SCI patients with mixed neuropathic and nociceptive pain [48] . Based on current evidence, gabapentin, amitriptyline, and pregabalin have been considered the first choice in the treatment of SCI patients with NPP. Although a recent systematic review shows that anticonvulsants are the most studied and supported treatment for NPP in SCI patients [49] . Our results are in line with this evidence. All patients with NPP were on ineffective first line treatment and they continued with symptoms of NPP. For this reason they were included in the cases group. After each patient was enrolled, a second line treatment was introduced to relieve pain. Relaxation training was the most frequent and effective. Patients with NPP were trained in potentially useful therapies for dealing with pain, such as cognitive behavior therapy, biofeedback, relaxation strategies, and group counseling.
The time has come to consider TRPA1 for pain relief. A pre-clinical study proposes that TRPA1 agonism could contribute to prolonging the analgesic action of acetaminophen [50] . Authors suggested that the reactive metabolite of acetaminophen acts in vivo as a TRPA1 agonist and by such action attenuates pain through desensitizing TRPA1-expressing sensory neurons. This discovery appears exciting but must be taken cautiously because TRPA1 is a calcium-permeable nonselective cation channel and long-term sustained TRPA1 activation and possible pore dilation evoked by TRPA1 agonists can lead to excitotoxicity [51] . Moreover, TRPA1 antagonists have been designed and identified as potential therapeutic drugs [52] . Inhibitors of TRP channels hold the potential for the control of pain, asthma, and neurodegenerative diseases, which are associated with increased activities of TRP channels. In animal models, pharmacological inhibitors of TRPA1 have been shown to be effective in attenuating mechanical hyperalgesia associated with neuropathic pain conditions [53] . Until now, there have been no studies considering genetic risk factors in chronic and complete SCI patients with NPP. TRPA1 is an interesting pharmacological target due to its role in sensory nerve activation, pain and inflammation. The prospect of personalized medicine is a step towards promising pain management strategies in SCI patients with NPP and our preliminary results contribute to opening the door in this direction.
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